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Foliar traits variations in Cercopia obtusa : traits 

correlations and variations within the tree crown 

and during the ontogeny  

Ariane Mirabel, Coffi Belmys Cakpo, Laurent Risser 

Abstract: 

Correlation and variation of leaf traits is a key issue to understand growth dynamics and its 

determinants. Those are known to depend on the species and the environmental context where they 

grew. However little is known about variations among individuals from the same species and even less 

about the intra-crown variations. We assumed that within the tree crown leaf traits and physiological 

characteristics depend on the age and local situation of the leaf. First due to natural senescence of the 

leaf and then because of variation in the micro-environment of the leaf (shading, height) leaf traits are 

assumed to depend on the rank, i.e. its age and situation within the tree crown. Moreover, trees follow 

steps during their development, from juvenile to mature and then senescent phase. This suggests an 

ontogenetic gradients of the traits depending on the development stage. Those hypothesis were tested 

using Cercopia obtusa datasets collected in French Guyana. First looking at traits correlations we then 

estimated their variation according to the leaf location in the tree crown, which depends on its age and 

changes its nearby environment. After explicating those variations we demonstrated a significant 

variation of traits following the development stage of the tree, partly due to the height of individuals.  

 
 

Introduction 

The understanding of growth strategies and 

dynamics are essential to adjust biomass 

production models and accurately assess the 

functioning of vegetal covers according to their 

location and history (Sabrina et al., 2009; 

Zaehle, Sitch, & Prentice, 2006). 

In that respect the variations of leaf traits 

between species and among individuals from 

various environmental situation has been highly 

studied. From those studies flows a good 

overview of the plants’ growth and correlations 

between morphological or physiological traits 

but a few studies focused on intra-individual 

variations. Considering possible gradients of 

traits within the tree crown would cast light on 

intra-individual variations due to the particular 

situation of the leaf: age, height, micro-climatic 

environment… Once having highlighted such 

variations it is then interesting to study the 

influence of the development stage of the tree, 

then looking at the evolution of the leaf traits 

and their correlations during the ontogeny. 

To ease the study and have steady comparison 

points it is first useful to identify the traits 

enabling a rapid overview of the whole tree 

crown. Such proxies would serve as comparison 

points and be bypasses to estimate the intra- and 

inter-individual variations. 

At the individual scale, intra-individual 

variations of leaf traits are assumed because of 

leaf senescence, height, micro-climatic 

variations like enlighten... Traits can be 

compared depending on their location on the 

tree, via leaf rank and height which would 

demonstrate morphogenetic gradients along 

axis. This reflects the variation of traits in the 

tree crown itself, which hypothetical 

explanation can come from leaf age and 

situation determined by the apparition and 

development of upper and neighboring leaves. 
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It is assumed that this modifies net radiations, 

CO2 concentration and temperature (Kitajima, 

Mulkey, & Wright, 2005). 

Once identifying variations inside the tree 

crown the question was the influence of the 

ontogenetic stage and the evolution of traits 

during tree’s lifespan. It has already been 

demonstrated that physiological age of the 

meristems, height of the tree, ramification order 

are of significant influence on the metabolism 

and morphology of the leaves. Leaf traits would 

therefore on the one hand depend on the 

development stage of the tree and on the other 

hand on their place (i.e. their rank) within the 

crown. (Dang-Le, Edelin, & Le-Cong, 2013; 

Violle et al., 2007), the ultimate step is then to 

test if intra-crown variations remain similar 

during the ontogeny of the tree.  

An adapted study object was required for such 

a study. Cecropia obtusa proved to be ideal 

thanks to its regular growth, well documented 

biology and easy measurements.(Zalamea et al., 

2012) The protocol, initial datasets and first 

studies were driven by already established 

correlations and known traits: Leaf surface and 

measurements, number of lobes, dry mass and 

(LMA), petiole diameter and length… Those 

traits are known to vary according to leaf age 

and environmental constraints on carbon 

allocations such as climate and soil 

composition. Besides, leaf nitrogen and 

chlorophyll contend proved sometimes to vary 

along time, young leaves generally have higher 

chlorophyll/nitrogen ratio, which impacts 

photosynthetic rates (Cavaleri, Oberbauer, & 

Clark, 2010; Cornelissen, Lavorel, & Garnier, 

2003; Koike, Kitao, Maruyama, Mori, & Lei, 

2001). 

To estimate the intra-crown variations of traits 

and put it in perspective with variations 

depending on the development stage we first 

tested all our dataset to get variables that 

showed the strongest  

This study presents the protocol and analyses 

used to estimate intra- and inter-individual 

variations and their correlation. We started at 

the individual scale, first of all explicating 

correlations among traits to better understand 

the relations within the crown, design allometric 

equations and get shortcuts traits toward the 

whole crown. We then used those traits to 

determine the gradients within the crown by 

testing the effect of rank, height and age of the 

leaf.  

Ultimately we compared individuals of 

different age to test the evolution of leaf traits 

during the ontogeny of the tree. First testing the 

existence of ontogenetic gradients during the 

tree lifespan, then testing the constancy intra-

crown relations previously during the 

development.  

 

Material and methods 

 

Study site 

Trees were logged in French Guiana (South 

America) in tropical rain forest. Climate in 

French Guiana is seasonal, the year is divided 

between a dry season from August to November 

and a rainy season of nine months from 

December to July. A short dry season occurs in 

February and March. All of the trees come from 

the forest edge. The study site are located along 

the forest Counami Road (5°24′N, 53°11′W) 

between the municipalities of Sinnamary and 

Iracoubo.  Trees from other places ( Saul, 

Regina, Apatou) were used. Figure 1 summarize 

the different study sites.  

 



3 

 

 

Plant Materials 

Thirteen trees were sampled in Counami in 

September 2014(dry season), our database was 

completed with 8 from Counami (Mars 2012), 

24 from Saul (June-2013), 5 from Regina 

(September 2013), 18 from Apatou (April 

2013).We summarize the different site in the 

figure 1.All of the trees belong to the same 

species Cecropia obtusa. Cecropia obtusa 

develops a Rauh’ architectural model (Hallé; 

Oldeman and Tomlinson, 1978). This species 

has a simple architecture with orthotropic axes, 

lateral flowers and a rhythmic branching. 

Female inflorescences have four spikes and 

male inflorescenes have 15 to 26 spikes (Berg 

et Franco-Rosselli, 2005). The leaves are 

stipulated, entire in young trees, but 

subsequently palmatilobate (Heuret et al, 2002). 

The central axe is vegetative and may 

potentially give rise to a branch. Heuret et al. in 

2002 found a rate between node productions, 

flowering and ramification which are 

synchronous for sets of axes within an 

individual of C. obtusa. This species create a 

new internode every ten days according to 

Heuret et al., 2002 and Zalamea et al., 2012. 

 

 

Stem measurements 

According to Heuret, 2002 trees were cut node 

by node and then nodes were analyzed and the 

tree height was noticed. The plant axes were cut 

one centimeter above stipule scar.,medulla 

diameter (MD,cm), date of the formation 

(DF,days) internode were estimated. Tree 

height (TH,m) and number of internode (IN) 

were noticed. 

Leaf measurements 

Leaf gas exchanged were measured on three 

leaves from the apex of the tree. One leaf was 

taken in the medium part of the tree, another leaf 

was the older and one leaf correspond to leaf 

rank 3. Gas exchanged were estimated by using 

portable exchange system equipped with 

Parkinson leaf-Clamp chamber (CIRAS-1, 

¨PPsystem Hitchin UK) operating in open 

mode. The leaves were measured using a leaf 

gas exchanged under the following 

environmental conditions: air temperature = 

33.5°C, vapor pressure deficit= 2.54 KPa, CO2 

concentration = 387 ppm. Leaf respiration were 

estimated two times, directly after logging the 

tree (light saturated net Co² assimilation rate, 

Asat, mmol m-2 s-1) and two hours after in the 

dark using CIRAS-1,respiration leaf non 
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photorespiration (Rd,µmol-2s-1) was estimated 

without photosynthesis effect . 

Blade and petiole were separated, and leaf fresh 

mass and petiole fresh mass were valued (LFM, 

PFM,g). Length of the main lobe (VML,cm) of 

the leaf were measured, also leaf thickness 

(LT,µm) values were evaluated by using a 

micrometric screw.  

By using a punch, three discs of 0.95cm² were 

taken, after 72h in the stove at 72°C weight were 

estimated, leaf mass area was estimated 

(LMA,g.cm).Number of lobe (NL) was noticed 

and concentration of carbon isotope (13C) 

nitrogen concentration (Nm, mg.g-1) were 

noticed on the same leaf than leaf’s Ciras. For 

the petiole, the length (PL,cm), diameters 

(PD,cm) and fresh mass (LFM,g) were 

measured. The rest of the petiole followed the 

same manipulation than for the blade 72h at 

70°c. The dry petiole were weighted (PDM, g) 

were valued, and then petiole dry matter content 

was estimated (PDMC, mg.g-1). Pictures were 

taken using a digital camera, the foliar blade 

were placed between two plates of Plexiglas, the 

plate under the leaf was dark and the plate over 

was transparent. Leaf area (LA, cm²) were 

estimated by analyzing the photographs using 

Gimp® for delimited the leaf. Software DXO 

ViewPoint 2.5 were used for correct the angle 

of the picture.  Finally ImageJ were used for 

calculate leaf area.  

However the LA is time-consuming to calculate 

and might be inaccurate the real leaf area was 

calculated using a correlation with different leaf 

traits. A first overview of the possible 

correlation of surface already estimated via 

picture analysis and different traits gave access 

to interesting proxies: the MVL, the PD and the 

LFM. We ran multivariate regression for those 

three traits, the best regression was between LS 

and PD with an AIC of 236.  

 

The equation retrained is: 

LA=  266.8 − 120.9. 𝐷 + 32. 𝐷² 

 

 

 

 

 

 

 

With LA the real blade surface and D the petiole 

diameter. For LA and petiole, LDMC (mg/g) 

was calculated by using dry mass and fresh. The 

different trees and environment were 

photographed using digital camera. With angle 

of the different ramifications, length and 

pictures, trees were built with Simeo, and tree 

absorption were valued with Xplo. 

 

 

 

 

 

 

 

 

 

 



5 

 

 

Results 

Description of trees’ development 

To be sure to legitimately compare the 21 

individuals we compared their development 

trajectory. The plot of the height of the 

internodes against their age checks that the 

growth rhythm is similar among individuals.

 

 

Trajectories seem quite similar, except 

for individual GA32. However a more 

complete datasets (Graphic not shown) 

validate that all individuals are of a same 

group with common trajectories. For 

further analysis we can then assess 

development stage either by height of the 

main axis or number of internodes. 

Physiological and morphological 

correlation 

Leaf traits vary one with another 

and some of the correlations are quite 

steady and can give way to allometric 

equations. One we used in this study 

is the (Equation page 4) that enabled 

to estimate the leaf area via petiole 

diameter.   
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A correlation table give access to the main correlation among leaf traits, highest ones are main 

vein length / petiole diameter, length of main segment / blade surface estimation and 

chlorophyll quantity / nitrogen concentration. 

 

 
We only kept correlation of r above 0.5 and 

considered those traits as best bypasses to have 

an overview of the whole tree crown. To make 

them more explicit we ran linear regression to 

confirm and quantify their relations. Some 

correlations were log-transformed to solve 

heteroscedasticity. 

This table consolidate correlation between 

LMA / Node Height / Thickness and Petiole 

diameter / Number of lobe / main vein length. 

Node height strongly correlates with main vein 

length (0.57), petiole diameter (0.51) and LMA 

(0.45).  

From this we keep morphological and 

physiological traits as bypasses to estimate the 

whole tree crown characteristics.  Strong linear 

regressions indeed link LMA, blade thickness, 

number of lobes, main vein length and petiole 

diameter to various other traits. Leaf LDMC is 

most commonly used but here the variable time 

laps between cutting and weighting leaves was 

varying so we rather kept dry mass. The 
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medulla diameter and internode length were 

also tested but didn’t correlate strongly with 

other traits even if they are known as good 

proxies. Eventually Asat and Gs are varying 

together without link to other variables.  

 Those traits were used to build axis of a PCA, 

serving as a comparison tool. (see Figure 7). 

Leaves can easily be compared via their 

location on the main axis, this will enable to 

have a first overview of the intra- and inter-

crown variations. 

 

Figure 7 : Variable factor map of the main axis of the PCA ran for selected variables 

The second axis mainly scales with 

photosynthetic-dependent variables (LMA, N 

contend...), besides the Asat will correlate with 

the second axis. This might then stand for a 

photosynthetic axis. 

Intra-individual variations 

The intra-crown variations would give gradients 

of traits along the axis: those traits varying 

according to the age or the location of the leaf. 
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To validate the existence of such gradients 

along axis we tested the effect of the location on 

the leaves’ traits. We analyzed the variances of 

effects of the height and the rank from the apex 

or from the base of the axis. Axis of a Cecropia 

obtusa tree are architectural units so the rank 

from the base gives a rank relative to the age of 

the meristem. The rank from the apex stands for 

the age but also the micro-environment of the 

leaf: the height and age of the leaves were added 

to disentangle those effects. Results are 

presented in Figure 13) 
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Inter individual analysis 

The first analysis demonstrated intra-crown 

variations: rank and height of the leaves do 

influence the foliar the traits of the leaves. Inter-

individual variations would traduce an effect of 

the development stage on leaf traits and 

therefore ontogenetic gradients. Traits proved 

to vary according to the total height or number 

of internodes of our individuals. To get rid of 

the intra-individual variations we now focus on 

same-rank leaves from 68 individuals of various 

development stage and season.  

During the ontogeny, the traits seem to follow 

a common pattern with first a kind of settlement 

period and then a stabilization around an 

average value. Some studies even showed a 

regression for some traits for old individuals 

(see Figure 11bis).  

 

Plotting the leaves on the two main axis from 

our PCA (see Figure 11) shows that there is no 

particular reparation according to the season. 

However a pattern could be seen along the first 

axis according to the development stage of 

individuals with small ones on lower 

coordinates and taller ones near the origin.  

First axis mainly correlates with petiole 

diameter/main vein length (0.92), leaf dry mass 

(0.82) and number of lobes (0.69), this could 

mean that ontogenetic gradients especially 

concern those traits.  

 
 

Figure 11bis : Foliar traits against tree height (m) and 

number of internodes. Chlorophyll contend (µg.cm-2), 

Vein length (cm) LMA (g.m-2), Petiole length (cm), 

number of lobes and average thickness (mm) 
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Variance analysis were ran to confirm the 

influence of the development stage on leaf traits 

(results Figure 12).  As we’ve seen previously 

the ontogeny can be assessed either vie total 

height or number of internodes. To de-correlate 

the effect of the height, both were tested. 

 Eventually, the identified correlations 

themselves could depend on the development 

stage of the tree. We then ran multiple 

regression, adding the effect of the development 

stage to know if our previous correlation vary 

during the ontogeny (Table 13). 

Table 13:  Results for anova tests on multivariate models adding number of internodes or tree height to 

previously established correlations. 

Significant codes are (/) when non-significant, then 0.05<(*)<0.01<(**)<0.01<(***)

From those analyses, we found out that the 

correlations involving the petiole diameter 

(with number of lobes and vein length) vary 

during the ontogeny. The diameter increases 

with the number of internodes and the vein 

length more significantly when the tree is 

old/tall. The same conclusions are drawn from 

the analysis of the petiole length with the leaf 

dry mass. 

We compared the influence of the number of 

internodes and the total height of the tree: the 

height of the tree often reveals more significant 

in the regressions. This means that physical 

constraints due to total height explain more the 

variation than the sheer age of the tree.  

 

Discussion 

Intra-crown traits correlations and 

gradients 

First studying full-sampled individuals gave an 

overview of the structure of their crown. One of 

the main issue was to investigate correlations 

within leaf traits and have an idea of how those 

traits would vary within the crown. It exists 

some strong and steady correlations among 

traits that can be essential to get shortcuts 

toward an overview of the tree crown, just as we 

did here to estimate the leaf area. Thus, 

measurements on all the leaves of the crown 

enables to find traits representative of the whole 

crown, that we kept as proxies. We focused 

morphological as well as physiological traits: 

their correlation also translate the metabolism of 

 None Number of internodes Tree height 

adjusted 

R² 

adjusted 

R² 

% variance explained 

by model 
Significance 

adjusted 

R² 

% variance explained 

by model 

Variable 

p_value 

Petiole Dry mass 0.87 0.94 6 * 0.86 - - 

Vein length 0.91 0.91 1 * 0.92 1 *** 

Number of 

lobes 
0.43 0.47 5 * 0.58 15 *** 

Dry mass Petiole 

length 
0.69 0.76 - - 0.76 - - 

Number of 

lobes 

Vein length 0.43 0.45 - - 0.44 - * 

N 0.34 0.32 - - 0.34 - - 
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the tree. To that respect such correlations enable 

to build or adjust models upscaling the leaf 

characteristics to the tree crown. (Ackerly, 

1999; Kitajima et al., 2005; Posada, Lechowicz, 

& Kitajima, 2009). 

The joint variation of traits is visualized via the 

main axis of a PCA ran for our selected traits. 

Those axis would discriminate our individuals: 

the main axis is clearly morphological strongly 

correlates with petiole diameter main vein 

length, dry mass and number of lobes. The 

second axis was more blurry and might scale 

with photosynthetic capacity, because it is 

linked with LMA, N contend and blade 

thickness (Cavaleri et al., 2010; Posada et al., 

2009) This assumption was confirmed by the 

position of Asat on the PCA which is 

completely correlated with this second axis. 

To assess intra-crown gradients we tested the 

effect of leaf rank and height. According to the 

variance analysis results (see Figure 13) it is 

mainly the height of the leaf that explains the 

dependency of traits to the leaf rank. 

Chlorophyll content, LMA, dry mass, thickness, 

vein length and number of nodes are the traits 

are varying along with the rank and height of the 

leaf. The variation within the tree crown then 

concerns morphological traits, probably due to 

the age of the leaf or the season during which it 

was grown. Physiological traits such as N or 

chlorophyll contend are also depending on the 

rank. (Cavaleri et al., 2010; Zalamea et al., 

2013) N seems to depend on the age of the leaf 

but it remains difficult to disentangle this with 

the effect of the shading for the leaves. 

Similarly it is difficult to draw conclusion about 

evolution of chlorophyll contend. 

Ontogenetic trends 

Besides those intra-crown variations traits 

depend on the tree’s development stage. A 

common pattern of traits variations according to 

the ontogeny is found for our individuals: after 

a “settlement phase” the traits seem to reach 

stability before plausibly decreasing when trees 

are in senescent phase (see F (Barthélémy & 

Caraglio, 2007; Violle et al., 2007). Focusing on 

same-rank leaves, variance analyzes 

demonstrated variations of morphological traits 

during the ontogeny (vein length, number of 

lobes, LMA and petiole diameter and length). 

However physiological traits such as Asat, 

blade thickness and N or chlorophyll contend 

didn’t significantly change. 

It’s well known that leaves’ morphology 

strongly depends on the height because of 

physic constraints on sap conduction. Our tests 

demonstrate a higher relevance of the height 

than the number of internodes to explain 

variations of traits between different 

development stages. (see Figure 12).   

Besides a sheer influence on the traits 

themselves, their correlation between one 

another appeared to depend also on the 

development stage. Once again, the height of 

the tree explained more of the variation than the 

number of internode: variations are then more 

due to conductive constraints than to 

physiological age of the tree. The petiole is the 

most variable part and the coefficient of the 

height effect is positive. Therefore the higher 

the tree, the higher the correlation of petiole 

diameter with number of lobes and vein length, 

which is consistent with our statement. Indeed 

if conductive constraints condition the 

morphological traits, for the same increments of 

leaf surface a higher tree would have to 

establish more supporting tissues and/or larger 

vessels to maintain the sap flow. 

For the intra-crown variations and for 

comparisons among development stages the 

morphological traits proved to be the most 

variables. We supposed that is flows from 

physical conductive constraints on the leaves 

due to the height. The dataset didn’t show any 

influence of the season but browsing larger 

climatic conditions might alter the results. If 

physical constraints drive traits variations the 

physiology of tree would rather depend on the 

amount of resources and their fluctuation during 

the year. 

 



12 

 

 

 

 

References: 

Ackerly, D. (1999). Self-shading, carbon gain and leaf dynamics: a test of alternative optimality 

models. Oecologia, 119(3), 300–310. doi:10.1007/s004420050790 

Barthélémy, D., & Caraglio, Y. (2007). Plant architecture: a dynamic, multilevel and comprehensive 

approach to plant form, structure and ontogeny. Annals of Botany, 99(3), 375–407. 

doi:10.1093/aob/mcl260 

Cavaleri, M., Oberbauer, S., & Clark, D. (2010). Height is more important than light in determining 

leaf morphology in a tropical forest. Ecology, 91(6), 1730–1739. Retrieved from 

http://www.esajournals.org/doi/abs/10.1890/09-1326.1 

Cornelissen, J., Lavorel, S., & Garnier, E. (2003). A handbook of protocols for standardised and easy 

measurement of plant functional traits worldwide. Australian Journal of …, 335–380. Retrieved 

from http://www.publish.csiro.au/?paper=BT02124 

Coste S, Baraloto C,Leroy C, Marcon E, Renaud A,D.Richardson A, Roggy JC, Schimann H, Uddling 

J, Hérault B. 2009. Assesing foliar chlorophyll contents with the SPAD-502 chlorophyll meter: 

calibration test with thirteen tree species of tropical rainforest in French Guiana. Annal for Forest 

Science 

Dang-Le, A. T., Edelin, C., & Le-Cong, K. (2013). Ontogenetic variations in leaf morphology of the 

tropical rain forest species Dipterocarpus alatus Roxb. ex G. Don. Trees, 27(3), 773–786. 

doi:10.1007/s00468-012-0832-2 

Halle´, F., R. A. A. OLdeman, and P. B. Tomlinson. 1978. Tropical trees and forests. Springer Verlag, 

Berlin, Germany 

Heuret P, Barthélémy D, Guédon Y, Coulmier X, Tancre J (2002) Synchronization of growth, 

branching and flowering processes in the South American tropical tree Cecropia obtusa 

(Cecropiaceae). Am J Bot 89:1180–1187 

Kitajima, K., Mulkey, S. S., & Wright, S. J. (2005). Variation in crown light utilization characteristics 

among tropical canopy trees. Annals of Botany, 95(3), 535–47. doi:10.1093/aob/mci051 

Koike, T., Kitao, M., Maruyama, Y., Mori, S., & Lei, T. T. (2001). Leaf morphology and 

photosynthetic adjustments among deciduous broad-leaved trees within the vertical canopy 

profile. Tree Physiology, 21(12-13), 951–958. doi:10.1093/treephys/21.12-13.951 

Posada, J. M., Lechowicz, M. J., & Kitajima, K. (2009). Optimal photosynthetic use of light by 

tropical tree crowns achieved by adjustment of individual leaf angles and nitrogen content. 

Annals of Botany, 103(5), 795–805. doi:10.1093/aob/mcn265 

Sabrina, C., Jean-christophe, R., Laurianne, G., Patrick, H., Eric, N., Erwin, D., & Écologie, U. M. R. 

C. (2009). Original article Does ontogeny modulate irradiance-elicited plasticity of leaf traits in 



13 

 

saplings of rain-forest tree species ? A test with Dicorynia guianensis and Tachigali melinonii ( 

Fabaceae , Caesalpinioideae ) Keywords :, 66. 

Stahl C, Burban B, Wagner F, Goret J-Y,Bompy F, Bonal D. 2013. Influence of seasonal variations in 

soil water availability on gas exchange of tropical canopy trees. Biotropica 

TRE´CUL, M.-A. 1847. Sur les Artocarpe´es. Tribus 1—Conocephaleae. Cecropia Linn. Annales des 

Sciences Naturelles—Botanique 3: 78–85. 

Violle, C., Navas, M.-L., Vile, D., Kazakou, E., Fortunel, C., Hummel, I., & Garnier, E. (2007). Let 

the concept of trait be functional! Oikos, 116(5), 882–892. doi:10.1111/j.2007.0030-

1299.15559.x 

Zaehle, S., Sitch, S., & Prentice, I. (2006). The importance of age-related decline in forest NPP for 

modeling regional carbon balances. Ecological …, 16(4), 1555–1574. Retrieved from 

http://www.esajournals.org/doi/abs/10.1890/1051-

0761(2006)016%5B1555:TIOADI%5D2.0.CO%3B2 

Zalamea, P.-C., Heuret, P., Sarmiento, C., Rodríguez, M., Berthouly, A., Guitet, S., … Stevenson, P. 

R. (2012). The genus Cecropia: a biological clock to estimate the age of recently disturbed areas 

in the Neotropics. PloS One, 7(8), e42643. doi:10.1371/journal.pone.0042643 

Zalamea, P.-C., Sarmiento, C., Stevenson, P. R., Rodríguez, M., Nicolini, E., & Heuret, P. (2013). 

Effect of rainfall seasonality on the growth of Cecropia sciadophylla: intra-annual variation in 

leaf production and node length. Journal of Tropical Ecology, 29(04), 361–365. 

doi:10.1017/S0266467413000394 

  

 


